Introduction
Colored compounds are routinely found in the fermentation broth of microorganisms and fre quently contain a peptidic portion. They may be siderophores such as the pyoverdins from fluores cent Pseudomonas spp. (Budzikiewicz, 1997) or photoactive molecules such as bacteriorhodopsin from Halobacterium halobium (Ovchinnikov et al., 1978) . In the production of heterologous proteins they are usually ignored as they can be easily re moved by purification from the protein of interest. We now report the isolation and characterization of a purple compound noted during the purifica-tion of a recombinant protein, hBNP, from Escher ichia coli.
Materials and Methods

Instruments
Chromatography: Liquid chromatograph HP 1090 Series II (Hewlet-Packard, Palo A lto CA, USA) with a Vydac C18 0.32x250 mm 3 m^i 500 A capillary column (Micotech. Inc., Sunnyvale CA, USA) m aintained at 40 °C. Flow rate 6 ^il/min for LC/MS after splitting the flow rate of 200 ^1/min emerging from the LC. Solvents 0.05% trifluoroacetic acid in H 20 (A) and in acetonitrile (v/v) (B), gradient 2 to 60% solvent B in 40 min.
Mass spectrometer: (a) For LC/MS a Finnigan (San Jose CA, USA) LCQ ion trap equipped with an ESI source was used. Scan param eters were the basic "triple play" where the instrum ent cycles through a full scan, a zoom scan for the base peak and an MS/MS analysis of the base peak. In addi tion, selected ions were further fragmented by CID (MSn). Capillary tem perature 250 °C, ion in jection time 200 msec, source voltage 4.9 kV, 35% relative collision energy corresponding to 1.75 V (b) For exact mass measurem ent Finnigan-MAT (Bremen, D) HSQ-30 (FAB, matrix, thioglycerol/ dithiodiethanol) and 900ST (ESI). Reduction and S-carboxymethylation reaction of 4 was perform ed according to the method of Crestfield et al. (1963) . 20 |ig dried 4 were ace tylated with acetic anhydride/methanol/pyridine (1.25:3.75:5) at ambient tem perature for 6 min. The reaction product was dried on a speed vac. before MS analysis.
Protein sequencing was attem pted on an A p plied Biosystems 477A Protein Sequencer (Perkin Elmer, Applied Biosystems Division; Foster City CA, USA) using the Normal-1 reaction cycle.
Synthesis o f 2
To the N a+ salt of Cys dissolved in water/m etha nol (1:1) 2,3-dibromo-1.4-naphthoquinone was added. The mixture was allowed to stand over night at room tem perature. After acidification with acetic acid organic m aterial was extracted with ethyl ether. Chrom atography on silicagel plates yielded a series of colored fractions. The purple m aterial was collected.
Results and Discussion
ESI-MS showed an [M + H ]+ at m /z 1065.5 for the purple contaminant. The [M + H]+-ion yielded fragments at m /z 175 and 110, when it was sub jected to CID. The first two fragments are consistant with a C-terminal His (+H 2N =CHR-COOH and +H 2N =CHR, i.e. loss of COOH), while m/z 129 is chracteristic for an in-chain Lys (+H 2N= CHR-CO). This suggests a peptidic structure. Acetylation gave a mono-acetyl derivative in agreem ent with a free amino group of Lys (a or e). A ttem pted Edm an degradation failed, hence the N-terminus is blocked. Amino acid analysis showed the presence of Arg, His, Leu, Lys and Val.
To investigate the nature of the purple com pound, a set of digestions was performed with pro teolytic enzymes that recognize basic amino acids in proteins. The purple contaminant was treated with the endoproteases trypsin, Lys-C, and Arg-C. The Arg-C digest analyzed by LC/MS revealed cleavage products of m /z 773 (see above) and 924. The mass difference between these fragments adds another Arg to the sequence chromophore-LysVal-Leu-Arg. Hence this C-terminal amino acid has to be His (see above). This was confirmed by the Lys-C digest. In addition to a cleavage product m /z 404 (see above) one with m /z 680 was ob tained, consistant with a pentapeptide Val-LeuArg-Arg-His. Its CID spectrum matches that of the same peptide obtained from a Lys-C digest of the recombinant 32-amino-acid protein, hBNP (Fig. 1) .
For structure elucidation of the chrom ophore the cleavage product with m /z 404 (1) Signals for an o-disubstituted benzene ring, an ABX system (C H C H 2), and those for a Lys resi due can be seen in the 'H-NM R spectrum (solvent H 20 with suppression of the solvent signal by pre saturation). The chemical shift values can be found in Table I . Those observed for a-C H (4.49 ppm) and 8-CH 2 (2.83 ppm) of Lys indicate an amidic connection via the a-N H 2 group (literature values -4.4 and ~2.7 ppm as compared with -4.0 and -3.5 ppm for a connection via the e-NH2) (Budzi kiewicz et al., 1997; Budzikiewicz et al., 1998). This is in agreem ent with the failure of an Edman de gradation of the compound 4 that would have been expected to take place if a free a -N H 2 was present. By !H ,13C-HSQC (J1 H,C-coupling) and by HM BC techniques ( ß and higher coupling) I3C-shift values (see Table I ) and connectivities (see Table III ) could be determined. The linkage of the a -N H 2 of Lys to the ring carboxyl group is confirmed by a cross signal of the Lys a-CH to the ring carboxyl CO group. The m easurement in H 20 allowed to recognize also the NH protons (see Table I ). Cross signals were observed between the Lys a-N H and the ring carboxyl CO, between the ring NH and the quaternary C-lOa and the CO group at 179.8 ppm. As it cannot be differentiated between V-and 4/-coupling it is not possible to decide which of the two quinone carbonyls neigh bors the NH and which one the S; also the differ ences in the chemical shifts do not allow a deci sion. The attribution of shift values for the two quinone carbonyls in Table I is therefore arbitrary; as a consequence, the benzene ring including the two carbonyl functions may be turned around with respect to the thiazoline ring. The shift values of the ring system were confirmed by comparison with those of synthetic 2 (Table II) A higher homolog of 2 (3, derived from homo cysteine) had been isolated from Brevibacterium flavum (flu vu m in Euguchi and Yokokawa, 1984 , is apparently a misprint), B. lactofermentum, Corynebacterium acetoacidophilum and glutamicum (Euguchi et al., 1977) . 2 is obviously an addition product of cysteine to naphthoquinone (both amines and thiols undergo 1,4-addition to the a,ß-unsaturated carbonyl system (Finley, 1974) . This explains why the reaction for a free SH-group (carboxymethylation) was negative. Kuhn and Ham m er (1951) studied the reaction of 1,4-naphthoquinone with Cys ethyl ester. The ochre-colored main product was the result of an addition of the SH-group to one of the a,ß-unsaturated car bonyl systems, re-oxidation of the resulting naphthoquinol to the quinone, and condensation of the amino group of Cys with the neighboring carbonyl group giving a 1,3-thiazine ring. As a side product black crystals were obtained, but not charac terized. They could have been 2-ethyl ester.
Conclusions
The structure 4 can be assigned to the purple compound with [M + H]+ m /z 1065. In this structure the carboxyl group of 2 forms a peptide bond with the a-am ino terminus of Lys with the resulting loss of H 20 . Including Cys in corporated into 2, it contains the seven C-terminal amino acids of the 32 amino acid hBNP (Seilhamer et al., 1989; Seilhamer et al., 1997) . 1,4-N aphthoquinone is an interm ediate in the bacte rial biosynthesis of m enaquinones (Weiss and E d wards, 1980; Nuhn, 1997) and therefore may be the direct precursor of 2. Since menaquinones are typical secondary metabolites of bacteria it would be interesting to determ ine (1) whether the form a tion of derivatives of 2 is a general phenom enon when producing proteins with Cys at the N-terminus in some biogenetic interm ediate and (2) what is the actual precursor of 2 and whether it is abun dant in the inclusion bodies from which recom bi nant proteins are often recovered. Further re search into the formation of this compound and possibly other similar compounds is planned.
